Purpose -The purpose of this paper is to introduce a methodological approach to develop customized products which offer true customer value and achieve superior competitive advantage. Design/methodology/approach -An integrated framework is presented where both front-and back-end features of product development activities are illustrated. Detailed explanations of the framework participants are discussed with their specifications and view points that illustrate the value of the framework. This framework communicates between citarasa and do-it-yourself-design configurators at the upstream, and available to promise, agile supply and demand network, advanced planning and scheduling systems in the downstream, in order to visualize the complete production scenarios and to maintain the flow of custom tailored product development. Findings -It is hoped that the illustrated framework will bridge the gap between manufacturers, and customers in order to produce customer satisfied products that fulfill the business target in terms of earning more revenues. Research limitations/implications -This research work is based on a theoretical hypothesis. Although the proposed framework is implemented in a truck manufacturing company, it requires application in more industrial organizations in order to generalize its effectiveness, suitability, and consistency in the manufacturing arena. Originality/value -This paper outlines the configuration principle, along with different tools and methodologies, which support manufacturing firms in the customization of products in both upstream and downstream activities in a profitable way. These tools or methodologies can help product developers to improve their due-date promising, exploitation of bottlenecks, and the visualization of their capability to produce the customers' specific products.
Introduction
In today's competitive and largely saturated markets, customers demand high quality products which also need to be extremely price sensitive. This growing demand for customized products is pushing firms to focus on producing products which meet customer requirements and the firms' constraints. Several IT based software tools can be applied successfully to make it possible for firms to shorten product development time and sales-to-delivery process. This sales-to-delivery process means all the necessary steps that are required to design, order, manufacture, sell, and finally deliver a product to a potential customer (Tiihonen and Soininen, 1997) . Different configuration tools such as citarasa configurator, product configurator, production configurator, and sales configurator can be applied successfully in order to maintain such a sales-to-delivery strategy.
In the configuration process, all the related data and information required to design, manufacture and then support and maintain products during the entire product life cycle is stored. This process also supports a modeling of the product development processes for fast and correct configuration of working product variants that fulfill the customers' requirements and firms' constraints, such as production and delivery. The various available configurators that manufacturing firms uses nowadays do not fully support the customized product development process, as in most cases they are applied individually rather than combined within an integrated framework. In order to configure any customized product, integration is required between various configurators and engineering applications such as virtual reality (VR), 2D, and 3D modeling in product development processes.
Before proceeding towards configuring a product, it has to be kept in mind that products do not have to be fully configurable and it may not be always possible due to the limitations in design and the capabilities of firms. Generally, customers are allowed to select predefined packages or to combine only certain characteristics or features of any product. In such cases, customers could define a partially configurable product for which they must accept the characteristics and features of products with certain values. In the configuration process, customer requirements are gathered and mapped within a configurator to set up different product options (Helo, 2006) . The information as provided by the customer through follow-on questions and options guides designers to focus only on the choices that meet the customers' requirements and desires.
The trend of product customization produces many challenges for manufacturers and there is a need for greater cooperation among the participating members, from customers to suppliers. No manufacturer can have all the necessary skills and knowledge. In order to produce cost effective and quality customized products, manufacturers need to seek out specific partners with special skills or attributes and create a virtual corporation from several firms to focus on meeting the needs of a customer (Barutcu, 2007) . Especially, there is a need to respond expediently beyond the borders of their own company to their suppliers, the suppliers of their suppliers, and customers in order to improve overall customer and consumer value. It needs to be ensured that their suppliers are efficient, both in terms of cost and in the delivery of parts or components to their logistics provider. This will ensure integration between manufacturing facilities with logistics operations and enable firms to guarantee a good performance in the market place as well as their survival.
To satisfy customers' desires and expectations, it is very important to deliver the products within the promised deadline. In order to maintain the delivery commitments Customized product development of customers, firms need immediate access to product availability along the supply chain network (Ballou, 2006) . This availability management process can be triggered through applying available to promise (ATP) strategy, which directly influences key supply chain performance, such as in customer service and inventory value. This strategy is a network-based distribution system that determines an optimal allocation of ATP components in a supply chain. According to customers' demands whole product development scenarios are simulated to estimate how to respond quickly, with an evaluation of the availability of existing resources and supply chain performance.
The rest of the paper is organized as follows: Section 2 discuss the common participants in developing customized products, and in Section 3 an integration framework for product customization process is presented. Section 4 outlines an implementation example of the proposed framework taken from a truck manufacturing company. Several managerial implications in the field of PD and distribution process are discussed in Section 5. The paper concludes in Section 6 with some future research directions.
Customized product development participants
Owing to advances in modern technology, it is possible for manufacturing firms to bring products to the markets more quickly than before, with higher customer satisfaction. Customers nowadays require products to be almost individually tailored to their needs, desires, and personalized statements. In this era of product customization, firms are looking forward to establishing an integrated modeling approach, where customers could directly participate and influence the whole development process in order to achieve their choice of products. The basic elements of this proposed integration model or framework to fabricate better informed design of customized products is elaborated below.
Citarasa configurator
In today's customized world, customers are looking beyond the functionality of any products. Along with functionalities they are looking for products that can also satisfy both their aesthetic and emotional needs. This changing strategy puts extra pressure on product designers to design products that satisfy customers' aspirations with functional needs. In order to achieve successful design, there is a requirement to develop a systematic procedure that is not only explicit but can be validated in different contexts and products. In industrial design, affective design has become very important in prescribing that designed objects have a meaning that goes beyond their functional needs (Khalid, 2006) . Several pieces of research have been carried out in various domains of affective design, such as Mood Board (Keyani et al., 2005) and Kansei Engineering (Nagamachi, 1989) , amongst others.
Before conceptualizing a product, designers need to understand user requirements both in terms of functional and affective issues. Customer requirements can be interpreted through a concept known as "citarasa", which is Malay word meaning emotional intent and aspirations. It is a combination of two words: "cita", meaning intent, aspiration, desire, wish; and "rasa", meaning taste, emotion, and feelings (Khalid, 2006) . In citarasa, customers are actively looking for design features that are important for their emotional intent, needs, and taste. In order to integrate the customers' aspirations and affections with the product design phase, manufacturers could develop a configuration system known as the "citarasa configurator". This configuration system provides support for reverse engineering and mass customization in manufacturing industry. It is populated with the general requirements and aspirations of potential customers with regard to products after formal or informal interviews with customers through market surveys. After following a basic selection process, it helps customers select the most suitable products for them.
In the citarasa configurator, customers' desires are integrated on the basis of their experience and general needs, specific requirements for design, customer expertise, and customer demographics. The data within the configurator are first collected through elicitation interviews with customers and the data are then analyzed through data mining methods in order to decide the design parameters for a specific model or product of the customers' choice. These data generally contain various features of a product or model to select from. For instance, customers are asked to investigate what they are looking for and thereby obtain an explicit identification of their affective requirements when buying a product or model of a car. The survey done by the marketing department offers information about customer needs and future markets, which determines the companies' design goals.
The citarasa configurator interfaces directly with the do-it-yourself-design (DIYD) configurator for the required design of products that satisfies customers' aspirations and needs. Customers have the facilities to add, substitute or deduct different features of their choice of products through interacting with the DIYD configurator. Citarasa offers the role of emotions in the product design phase, whereby customers intuitively look for design features which will satisfy their taste. However, it is often very hard to identify the affective requirements of customers, as these vary over time and customers often have difficulties in explaining what their requirements are (Helander and Khalid, 2006) . Most often they cannot even necessarily be clear about their requirements, or when they do, they have unrealistic expectations. In such circumstances, citarasa methodology aims to support the product customization process through understanding, modeling, elicitation, extraction, and analysis of affective needs.
2.2 DIYD configurator DIYD configuration means transferring customers' aspirations, desires, and needs into concrete product specifications in order to satisfy them. With this configuration system each individual customer's wishes and needs have to be transformed into a unique product specification for manufacturing (Tseng and Piller, 2003) . The system which is responsible for guiding the user through the configuration process is known as the "configurator". This configurator enables customers to interact closely with the companies' capabilities of producing successful customer-centric products through different variations -visualized, assessed, and priced. The development and implementation of an appropriate configurator for customer interaction is an important success factor in mass customization.
The central approach of product customization is the concept of DIYD, where the aim is to providing cost-effective products and services to meet individual customers' needs. The DIYD configurator is defined as the selection and configuration of products/parts by customers in terms of their own preferences. In order to design and develop an e-catalogue of products/parts for the configurator, customers' preferences might be estimated through global market diversities and population choices. General customers' preferences are screened out to have cost effective product variety, and easy Customized product development design procedures and rules need to be taken into account. These design procedures and rules are mapped as functional requirements within a configurator using a hierarchical approach.
Manufacturing firms are being forced to react to the growing individualization of demand (Jiao et al., 2007) . Thus, turning industrial establishments to be more customers centric in an efficient way is a top management priority in most firms. A successful DIYD system powered by the citarasa configurator supports the task of customer configuration in fabricating a product of their choice. This system requires a link between the customer and manufacturer, who generally design the product concurrently in real-time (Helander, 2007) . With the help of the DIYD configurator, customers choose, match, and swap parts/components and different design options/offers and assemble them together to form a specific product of their choice rather than selecting a ready-made product. This design and development process follows a top-down hierarchical approach and predefined design rules when designing the final product (Khalid, 1999) .
The DIYD configurator is integrated with a 3D visualization system in a VR environment. This system will be suitable for suppliers and wholesalers through networking and communication tools which are supported by a front-end application (configurator) and back-end administration tool. The front-end system will be applied through a VR interface and a set of interactive tools (2D, 3D, graphics) that allow the user to visualize and perform the process of product design and assembly in an intuitive manner. The back-end system will be formulated in the form of a component repository that incorporates direct interfaces between configuration, offering/ordering, bill of materials (BOM), and the logistics networks system of a project.
Supply chain visualization
In today's globalized economy; multiple suppliers are located in multiple locations within a country or in different countries, making supply chains increasingly complex. There are growing demands for just-in-time supply and manufacturing, support for lean processes and increasing pressure to reduce costs while maintaining quality products to respond to an ever-changing demand. In order to achieve effective operational decisions, organizational management demands clear visibility and direct information available on potential resources. This intuitive objective can be fulfilled by ensuring user-friendly interface to easily access, visualize, and analyze different aspects of supply chain performance.
The coordination of information flows is a key element in achieving tight integration in order to optimize supply chain performance. The idea of real-time information sharing has been studied extensively in the manufacturing industry. The importance is emphasised of achieving instantaneous multilateral information sharing within a supply chain with a view to reduce the uncertainties associated with operations and demand forecast (Cooper et al., 1997; Lewis and Talalayevsky, 1997) . Recently, this strategy has been moving forward due to the rapid advances in information technology (Lee and Whang, 2000) . This information sharing can be used for building and integrating distributed supply chain management within and across corporate boundaries, depending on existing and emerging standards.
The supply chain visualization technique provides a way for managers to physically construct and interact with models of how products flow between their business, their suppliers and their customers. It lets managers use complex numerical simulation techniques as part of "what if?" conversations about possible changes to the way they do business. The user can change values, meanings, and inventory to observe if it will change the way the system performs. This phenomenon helps companies make better decisions faster, addressing global supply chain design and sourcing strategies, transportation planning and the optimal flow, and placement of inventory across the end-to-end supply chain. This comprehensive view of the supply chain allows businesses to cut down inventory, streamline logistics, and optimize the efficiency of their resources in order to gain a competitive advantage.
In the proposed framework, the supply chain visualization tool agile supply and demand network (ASDN) has been integrated with a view to optimization-based decision support solutions designed to complement and enhance existing resource planning and scheduling solutions. User interface integration between the components of the back-end module is based on extensible markup language (XML) messages. The functional configurator engine forms an XML file for the user interface (2D, 3D, VR), including all the parameters, such as BOM, BOM attributes and attributes to make the visualization possible. These attributes then launch ASDN software as http-post and it will then provide in return lead-time into the configurator interface. The ASDN integration is shown in Figure 1 .
This tool helps decision makers to quickly build supply chain scenarios and efficiently optimize large-scale supply chains which also drive the key supply chain costs. It designs the companies' overall supply chain in order to optimize the number, size and location of plants, warehouses, ports, and cross-dock facilities that provide an optimized sourcing plan when products can be made at multiple sites across the globe. ASDN provides businesses worldwide with intuitive spatial solutions, increased opportunities for visualizing supply chain data and visual consolidation of disparate back-end data sources in an intuitive manner that promotes greater efficiency and productivity.
Available to promise
The ATP concept can be denoted as the set of capabilities that support responding to customer order requests. It provides a response to a customer order with a quantity and delivery date commitment (Pibernik, 2005) . In general, it refers to a database look up into master production schedule, which is applied for changing production strategy from make-to-stock to make-to-order. Owing to the increasing tendency of high variety product offerings, e-business and make-to-order production strategy, ATP functionality has become a critical component of many businesses. If the demand plan does not mirror future orders very well, the chance is high that ATP will not be available when a new customer order requests it. The logic or methodology of ATP can be expressed as in Figure 2 . 
Customized product development
The term demand fulfillment is represented as the planning process that determines the way in which the actual demand of a customer is fulfilled. This process first of all promise a specific deadline for customers' orders, which influences the order lead time and timely delivery. The fast generation of the order fulfillment process becomes more complex when the number of products increases, the product life cycles becomes shorter, and the number of customers increases (Gunasekaran and Ngai, 2005; Huang et al., 2005) . In a traditional order fulfillment process there is an inventory search and orders are quoted against it. If there is no inventory available, orders are quoted against the production lead-time.
Today's businesses are highly complex and competitive in nature, offering multiple customized quality products with shorter product life cycles to customers. In this volatile market demand and tighter due dates are forcing manufacturing firms to focus on ATP to their potential customers. This means that firms are forced to commit to their customers in advance in order to deliver the demanded amount by the specified deadline. To maintain such strategy, capacity management is the key for effective revenue management that integrates the marketing, financial, and operational functions in order to maximize profit from existing capacity. The integration of ATP with the proposed framework as shown in Figure 3 , could be helpful in order to accommodate the different BOM attributes and resource management for the required order fulfillment procedures.
The firms' capacity management can be performed efficiently through the ability and capability of their supply chain success. The due-date for customers' orders could be managed properly by supply chain decision makers so as to smooth the production and/or delivery schedule. It is the output of a synchronized supply and capacity planning which determines the actual and future availability of supply and capacity that can be used to receive new customers' orders. Modern demand fulfillment process is based on the planning capabilities of advanced planning and scheduling (APS) that generates more sophisticated order promising procedures. This technique ensures on time delivery, reduces the loss of business opportunities, increases revenue earning through higher sales volumes, and so on. In order to cope with today's competitive business world it is very helpful to adopt ATP strategy to satisfy customers by meeting their orders as quickly as possible.
2.5 Advanced planning and scheduling APS can be defined as a system and methodology in which decision-making, such as planning and scheduling for industries, is federated and synchronized between different divisions. Unlike other available systems, APS simultaneously plans and schedules production based on available resources and capability. This usually provides a more realistic production plan, for example demand planning, master planning, distribution, and transportation planning. This system could be defined as a manufacturing management process through which raw materials are optimally allocated for a production system in order to meet demand (Lee et al., 2002) . It is especially useful where a complex production process requires simplistic solutions in order to manage the production line. This is basically done through performing optimal scheduling of the company's resources.
The application of APS results in an improved demand-driven supply network that shifts the focus from a "sell-what-we-make" approach to a "respond-to-what-customers-want" approach. It promotes the delivery of the right product at the right time at the lowest cost, which results in improved customer service and profit margins. Manufacturing firms use this planning methodology to evaluate constraints and priorities and produce a detailed schedule with graphical representation on plant load, resource utilization and constraint identification. The firms' environments are modeled by simultaneously considering capacity, availability and the interdependencies of equipment, tooling, employees, and materials. Materials and capacity are planned separately and many systems do not consider limited material availability. The system also brings balance between customer responsiveness and profitability.
In order to apply APS successfully within a company, managers and employers must have special training that enables them to interpret solutions and reorganize interactions with other parts of the supply chain. Not only should supply chains comply with quickly changing customers' expectations but they also have to anticipate new trends ( Jonsson et al., 2007) . To participate in new trends, supply chains need better integration with their key customers. APS supports the integration process effectively, whereas ATP module can show ways to use existing inventories in the most effective manner. It allows optimization of the ordering process and brings flexibility to the master planning process. If it is used successfully, it not only supports the supply chain strategy, but also improves the competitiveness of a firm significantly (Stadtler, 2002) .
The APS software as integrated with the proposed framework shown in Figure 1 performs the necessary planning and scheduling of the BOM and related resources. This integration network offers the output performance as real time information flow to the configurator engine. In addition, APS software (in this case Excel based xls-file) will then read the XML-file provided by the configurator and run the calculations in real time. At the same time, the xls-file is converted into an XML-file, which is then integrated to the configurator user interface as graphical display. The APS integration can be seen in Figure 4 .
The integration of APS with other software such as ASDN and ATP gives benefit to this application by its ability to measure the inventory value on a unit and cost basis. The APS system is developed by receiving product data input from the hierarchical BOM, which is used as the main information to design the targeted products. This system improves the integration of materials and capacity planning by use of constraint-based planning and optimization (van Eck, 2003) . Furthermore, there are some possibilities to include suppliers and customers in the planning procedure and thereby optimize the whole supply chain on a real-time basis. Traditional planning and scheduling of systems begins with working without considering the resource constraints, whereas APS works with the available limited resources and capacity in mind. This process usually therefore results in a more realistic production plan.
Integration framework for customization process
The importance of different methodologies and tools required for developing customized products are explained above. In order to achieve success in fabricating the products, firms need to combine these product development items. These development items interact with each other to produce the necessary information exchange that facilitates the exploring of customers' perceptions. Various interactions can be presented in a collaborative manner, as outlined in Figure 5 . This collaboration expresses the real time information dependencies among manufacturer, customer and supplier. The mode of collaboration or information exchange needs specific attention when there is an increasing rate of technological complexity, risks inherent in the customized product development, and the need to gain faster access to markets (Parker, 2000) .
In networked business, there needs to be direct communication between potential customers and manufacturers in order to produce customized products. Customers can customize their products of choice based on several available options that meet their affective needs and aspirations. This customization process needs several procedural stages, which integrate different configuration processes. There are several different configurators such as the citarasa configurator, DIYD configurator, and sales configurator, amongst others. Alongside these configurators there are several tools or methodologies such as ATP, APS, ASDN, BOM, which are essential for the smooth operations of mass customization. The whole customization process can be displayed in the proposed framework presented in Figure 6 .
In the proposed integration framework, there are two modules, namely front-and back-end modules, as seen in Figure 1 . The front-end module, which integrates the customers directly before the production process, consists of the citarasa configurator, DIYD configurator and BOM, whereas the back-end module that transfers customers' expectations through the production process consists of BOM, ATP, APS, ASDN with visualization process. BOM creates the necessary bonding between two modules to produce custom built products.
As mentioned above, the front-end module starts with the focus on both the affective and functional requirements of customers for products which are populated within the citarasa configurator. The data or information from the citarasa configurator is fed to the DIYD configurator, where customers participate in choosing, modifying or updating different product features or options according to their choices, and create their orders. In this stage, users can view different parts/components or the complete product and make the final order through a 3D viewer, e-catalogue, quotation, and VR user interface. When the final order is received Customized product development by the configuration process, the required BOM is formed with the parts list, and their availabilities with the necessary lead times.
In the back-end module, several functionalities are integrated, such as BOM, ATP, APS, and ASDN in order to facilitate scheduling, production planning, simulation, routing, and networking. The integration network of this module is quite straightforward. After having the necessary information of a product or component from the DIYD configurator, the back-end module starts to formulate the required planning in order to fabricate the end product or component. Basically, this module makes the required planning according to BOM initiated from the DIYD configurator. After obtaining the necessary components or parts list with their availabilities and lead times, it is then forwarded immediately for the required planning of resources, scheduling, routing, networking, and simulation with the available tools or methodologies.
In order to check the availability of the parts or components of the end product, this module also communicates with potential suppliers and calculates the promised lead time. The suppliers' involvement can be displayed with an updated information flow by the ASDN software. With this visualization capability, ASDN also ensures the balance between the supply and demand of an establishment and allocates the required resources. The ATP software within the back-end module calculates the availability of the resources required for the ordered product. This availability checking helps the production planner to formulate scheduling, planning, routing, and optimal networking. The objective of this module is to support the DIYD configuration process in terms of proper functioning and visualizing the whole operational processes through VR, maps or graphical interface.
There are several product development frameworks in the literature. Petersen et al. (2005) propose a research framework for a collaborative engineering in new product development which integrates early suppliers' involvement with the production process. Quiescenti et al. (2006) propose a theoretical framework, where collaborative IT tools are applied to support integration between suppliers and customers. Customer options and preferences are gathered using internet technology within a framework, as presented by Siddique and Boddu (2004) , Helander et al. (1998) , and Kim et al. (1999) . Different frameworks presented in the literature do not fully support the customization process, as they have integrated various product development features such as the supply chain, configuration process, and IT tools individually rather than in an integrative manner. The framework we have presented is a systematic approach to collaboration with available PD features, which is needed to help firms establish, appraise and improve their product development processes with higher customer satisfaction.
An implementation example
The presented framework has been applied to a truck manufacturing company, where the cabin was considered a customized part of the whole truck. Different features within the truck cabin could be fixed according to the customer's needs and desires. Figure 7 displays the available measures/options such as "basic measures", "behavioural measures" and "reflective measures", from which customer could choose according to his/her choices and requirements. All these measures are in-house within the citarasa configurator. For instance, customers could choose by answering IMDS 109,5 various questions, such as: "what do you like about your truck", "which parts of the truck do you like most", and so on, within the citarasa configurator. According to the choices of the customers, the sales prices of different models of trucks are calculated within the configurator.
After finalizing different requirements with the help of the citarasa configurator, customers need to confirm their orders, which in turn are forwarded to the specific departments to be processed. Figure 8 presents a sample of such an order confirmation. Within this order, personal details of the specific customers are attached.
When a customer has confirmed his/her order for a specific model of truck, it is then forwarded to the target department for implementation. Designers and engineers work Customized product development together in order to fabricate the specific truck. Different components/parts, together with their codes, quantities, availabilities, and lead times, are accumulated within the sales configurator, as presented in Figure 9 . This configurator also maintains a link between the production map and production scheduling in order to sequence various development tasks to complete the end product.
Within the sales configurator, different product development areas, such as ASDN, BOM, basic customer selections and advanced configuration items can be added, as displayed in Figure 10 . With the sales configurator these development items establish direct interface between the supply chain management, various parts information, basic, and advanced customer preferences, which is essential to develop a customer specific truck model.
In order to develop a customized truck, it is necessary to produce interaction among the configurators, supply chain, APS, ATP, etc. as explained in the integration framework displayed in Figure 6 . For demonstration purposes, we have shown only the supply chain network using ASDN software, as displayed in Figure 11 . With the help of ASDN, different suppliers of a car manufacturing company are networked with the necessary information, such as inbound inventory value, outbound inventory value and holding cost and this can be displayed in graphical form.
Managerial implications
To maintain profits and business growth, companies must be able to quickly adapt to fluctuations in customer preference and desire by creating products of their choice. This provides increasingly individualized products through configured-to-order manufacturing processes, where customers actively participate in the design and fabrication process (Jiao and Helander, 2006) . There are several ways to integrate users in the product development process, such as market surveys, configuration process, workshops, etc. Along with customer integration, firms need to shorten the time to markets of their products while maintaining high levels of quality and competitive prices for smaller or larger production runs (Johnson and Luo, 2008) .
In today's hypercompetitive business environment firms also need to be innovative in supporting growth with their PD processes that will attract a major part of the Customized product development market segment and ensure higher customer satisfaction (Xing et al., 2006) . In order to do this, firms have to contend with increasing customer sophistication and information access, as well as customer demand for flexibility. In such a situation, innovation, and flexibility in product design and development process are essential for success, as customers want their products delivered quickly, configured according to their requirements and they demand technologies which are up-to-date. The configuration process generally enhances the information flow among customer and product developers, which is crucial in meeting these expectations.
Developing customer-driven products requires taking advantage of a variety of available technologies and sophisticated production planning which can be easily configured for maximizing the potential profitability over a product's lifecycle. Different configuration phenomena, such as sales configuration, product configuration, supply chain configuration, etc. allow firms to manage their production process smoothly, economically, and effectively. These display the price and lead times of products, create BOM and routings and generate customer-friendly quotes based on product compatibility rules. The integration of the configuration process with available methodologies such as ATP, APS, and supply and demand chain influence the requirements for developing customized products.
With these appropriate methodologies, the ever increasing demand from customers for individually specified products can be met. These methodologies ensure that organizational managers receive support in handling the customization efforts through reducing engineering effort and improving the sales process. During the production process, managers can control and visualize the whole operational scenarios through integrating both front-and back-end modules in the proposed framework, which consists of configurators and dynamic tools for order fulfillment, planning, and scheduling and supply chain management.
Conclusion
Product customization can be defined as the ability to provide individually tailored products to every customer through high process agility, flexibility, and integration, with the aim of turning market uncertainties into sources of competitive advantage (Pine et al., 1995) . The main objective of this approach is to deliver products which best translate the actual choices of individual customers based on their needs, aspirations and preferences. This objective can be generally fulfilled through adopting and implementing the configuration principle in scenarios that might involve design, manufacturing, sales and distribution, installation and maintenance. The specification of the configuration process basically involves two distinct phases, namely the description of configuration rules and the specifications of the intended product or process.
The production of customized product is an important strategy for accommodating customer satisfaction with exclusive products at reasonably low costs. To implement this strategy requires an integrated support system for facilitating design and customer collaboration in the process of selecting and developing the customized products. The system integrates both the front-and back-end features of the product development process, where customer choice is guided by a relative set of attributes, as well as a set of technical and flexible facilities to design the whole production system. Both features work as a concurrent engineering environment in order to develop a customized production system. Various interactive configuration processes, such as; citarasa configuration, product configuration, and production configuration system help to fill the gap between manufacturers and customers. In citarasa configuration, the customers' overall desires for a specific product or product family are collected and scrutinized to make them into as generalized a form as possible. The product configuration system establishes a bonding between upstream citarasa configuration and downstream configuration process as production and sales configuration. The production configuration system influences such manufacturing requirements as planning, scheduling, and resource management in order to fabricate the end product.
Furthermore, the configuration process needs to match the opportunities and constraints of configurable products and the requirements for manufacturing and assembling them. Using this process, customers can define the rules and provide information that can be applied to share knowledge between designers and customers in order to configure customized products. In order to optimize the utility of customer expectations, it is also important to be able to include engineering operations such as commitment of order, visualizing the supply and demand level, planning, and scheduling or routing in the configuration process. All these operations can be performed through available methodologies such as ATP, ASDN, APS, and overall simulation of the processes.
In this paper, we have outlined various aspects of developing customers' specific products that meet their wants and needs. In order to meet this challenge, firms have to find ways to speed up customer response, reduce the lead time of products and quotations, reduce the amount of resources spent and optimize the routing and planning process. The purpose of this research is to demonstrate how effectively product development activities can be integrated between front-and back-end features in order to achieve a smoother operational performance. Future research could be carried out on implementing this methodology in more real life industrial applications and to investigate the performance with selected criteria. Other product development instruments such as the product data model, production configurator and enterprise resource planning could be added to this framework for its universal applicability.
